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ABSTRACT 

Three  lots  of  serrated  liners  were  tested  for  penetration  into 
mild  steel  at  various  spin  rates.  The  liner  designs  are  illustrated, 
the  inspection  and  penetration  data  are  presented,  and  the  test  rc  - 
suits  are  discussed. 

The  correlation  between  performance  and  external  flute  design 
is  summarized  to  date. 

Dynamic  firing  tests  with  T138E73  projectiles,  incorporating 
DRD393  copper  liners,  were  conducted  and  the  data  are  presented. 
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1120  PROJECTILE 


Serrated  Line's 

Three  sets  of  serrated  liners  and  two 
sets  of  controls  have  been  tested  for  pene- 
tration into  mild  steel,  at  various  spin 
rates  and  at  a standoff  of  7.50  inches. 

The  liner  designs,  DRD78-2  (5 -degree 
index  angle),  DRD393  item  1 and  DRD393 
item  2 are  shown  in  Figures  1 and  2.  Fig- 
ures 3 and  4 show  the  DRB2  cone  from 
which  the  DRD78-2  cones  were  pressed 
and  the  DRB398  cone  from  which  the  DRD 
393  cones  were  pressed.  The  inspection 
data  are  shown  in  Tables  I,  III  and  V and 
the  penetration  data  are  shown  in  Tables 
II,  IV  and  VI.  Spin  rate  versus  pene- 
tration curves  are  shown  in  Figures  5 
to  9. 

DRD 78-2  (.,-degree  Index  Angle)  Unmrs 

The  DRD78-2  liners  reported  here 
have  16  flutes  on  both  the  internal  and 
external  surfaces.  They  differ  from  the 
DRD78-2  cones.  whose  performance  was 
reported  in  the  Supplement  to  the  Thir- 
teenth Progress  Report,  in  that  the  in- 
dex angle  between  the  inside  and  outside 
flutes  is  a nominal  5°  instead  of  2°  as 
shown  in  Figure  1.  The  actual  index 
angles,  measured  on  these  two  series 
of  DRD78-2  cones,  were  1°8'  and  4°26'. 
The  average  penetration  at  the  peak  of 
the  penetration  curve  is  14.8  inches  and 
occurs  at  -85  rev/sec.  This  result  is 
considerably  different  from  the  earlier 
one  in  which  the  best  performance  was 
17.0  inches  at  +5  rev/sec  and  demon- 
strates the  very  important  effect  of  the 
index  angle.  These  data  are  in  close 
agreement  with  similar  tests  on  57mm 
cones  reported  by  Dr.  Emerson  P^.gh 
and  R.  J.  Eichelberger  (C.I.T.-OHD- 
R26).  Additional  tests  with  other  index 
angles  are  planned. 

All  rounds  of  this  type  were  tested 


in  DRC15  type  penetration  assemblies. 
(Fig.  5,  Twenty -Fourth  progress  Report). 

DRD393  Utters 

The  DRD393  cones  have  50  flutes  on 
the  external  surface  only.  The  two  series 
differ  only  in  the  depth  of  fluting.  The 
DRD393  item  1 cones  have  flutes  .0149 
in.  deep  at  a datum  .484  in.  above  the 
base.  The  best  average  penetration  is 
18.  3 in.  at  60  rev/ sic  (Fig.  7).  The 
penetration  of  this  cone  is  not  reduced 
by  the  use  of  DRC314  HW9  tees  (in  place 
of  the  standard  nose  rings)  at  45  rev/ 
sec,  no-  by  DRC314  HW11  tees  at  60  rev/' 
sec.  A description  of  these  tees  and 
their  effect  upon  the  performance  of  DRB 
393  cones  may  be  found  in  the  Twenty- 
Sixth  and  Twenty-Seventh  Progress  Re- 
ports. 

The  DRD393  item  2 cones  have  flutes 
.0129  in,  deep  at  a datum  . 484  in.  above 
the  base.  The  best  average  penetration 
is  20.0  in.  at  52  rev/sec  (Fig.  8).  Al- 
though the  DRC314  HW11  tee  does  reduce  the 
penetration  of  this  cone  slightly  even  at 
45  rev/sec  the  penetration  of  18.5  in. 
permitted  is  satisfactory. 

A standard  penetration  curve  for  the 
DRB396  blank  is  shown  for  comparison 
in  Fig.  9. 

All  penetration  assemblies  in  the  DRD 
393  scries  were  of  the  DRC376  type.  (Fig. 
4,  Twenty-Fourth  Progress  Report). 
Where  noted, tees  replaced  the  standard 
nose  rings. 

Correlation  of  Sxternally  Fluted  Uner 
Performance 

A correlation  between  penetration  be- 
havior and  design  parameters  for  ex- 
ternally fluted  cones  was  presented  in 
the  Supplement  to  the  Sixteenth  Progress 
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Report.  This  correlation  was  revised 
by  the  inclusion  of  additional  data  in  the 
Supplement  to  the  Twenty-Second  Progress 
Report.  Additional  data  now  permits 
a further  extension  of  this  correlation. 

Table  VII  shows  the  design  parameters 
and  penetration  behavior  for  all  cones 
of  the  DRB2  type;  Table  VIII  for  the  cones 
of  the  DRB398  type.  The  calculations 
for  the  correlation  factor  f (N)  are  sum- 
marized in  Table  IX.  Figure  10  is  a plot 
of  the  correlation.  As  additional  data 
become  available  they  will  be  included 
in  later  additions  or  revisions  to  this 
correlation. 

Dynamic  Penetration  Test*  With  Serrated 
Liners 

Ten  DRD393  item  1 cones  were  assem- 
bled in  T 138^7 3 projectiles  and  tested  by 
firing  against  armor  plate  at  Aberdeen 
Proving  Ground.  Table  X is  a modification 
chart  for  the  T138E73  projectile.  In- 
spection data  for  these  cones  are  shown 
in  Table  III  and  static  penetration  data 
for  similar  cones  in  Table  IV  and  Fig- 
ure 7.  The  tees  used  were  DRC314  HW9. 
The  rounds  were  fired  from  a T137E1 
rifle.  Standard  T137E57  projectiles  (with 
smooth  cones)  were  fired  for  comparison. 
The  data  are  shown  in  Table  XI. 

At  58  rev/sec  (1600  ft/sec  from  a 


1-80  tube)  the  average  penetration  of  the 
DRD393  item  1 cones  was  10.2  in.  com- 
pared with  8.1  in.  for  the  smooth  cone. 

At  40  rev /sec  (1640  ft/sec  from  a 1-120 
tube)  the  average  penetration  of  the  DRD 
393  item  1 cones  was  8.00  in.  compared 
with  7.5  in.  for  the  smooth  cones. 

While  it  is  true  that  in  each  test  the 
fluted  cones  appeared  to  be  slightly  better 
than  the  smooth  control  cones,  their  per- 
formance was  far  below  expectation. 
Based  upon  the  static  tests  shown  in  Fig. 

7,  and  making  allowance  for  a 15  percent 
reduction  in  penetration  because  of  the 
use  of  armor  plate  in  the  dynamic  tests, 
penetrations  of  13.0  in.  at  40  rev/sec 
and  13.  5 in.  at  60  rev/sec  were  antici- 
pated. Because  of  the  relatively  poor 
performance  of  these  rounds  the  three 
remaining  rounds  were  fired  statically 
at  the  Ballistic  Research  Laboratories 
penetration  chamber  at  60  rev/sec.  The 
target  material  was  classed  as  "green" 
armor  which  has  been  shown  to  have  pene- 
tration characteristics  similar  to  mild 
steel.  The  average  penetration  for  the 
three  static  rounds  was  12.6  in.  which, 
when  reduced  by  15  percent,  is  approxi- 
mately equal  to  10.  7 in.  This  is  com- 
parable to  the  penetration  measured  dy- 
namicall  at  58  rev/sec.  No  reason  is 
known  for  the  poor  performance  of  these 
rounds  and  therefore  additional  tests 
are  planned. 


Future  Program 


1.  Serrated  Liners 


(a)  DRD78  cones  modified  by  a change 
of  the  index  angle.  Index  angles  of 
6.  50°.  8.0°  and  20°  are  planned. 

(b)  DRD39?  item  2 cones.  Static  and 
dynamic  tests  in  T138E73  assemblies. 


2.  Double  Body  Projectiles 

(a)  Firing  tests  with  test  slugs  having 
tapered  bearings  and  ball  bearings 
to  determine  comparative  efficiency. 

(b)  Test  double  body  projectiles  with 
DRC389  bearings  for  spin  rate  and 
accuracy. 
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Table  III 
Inflection  Data 

for  0*0393  Horn  1,  Lot  No.  I Linort 


[A»g  FluU  Otpth  (in) 


)Wc)l  Thic>n««t  (in) 


Upper  Low*' 

Datum Datum  __ 


Concentricity  (in  > * 
“ToSer  upper 

Dotum  Datum 


dhd)9)  ium  l ._QR}_ .995X aJOJft ,JM._  ...a°MP. 1 

P50-50  .0150  . 0040  .11)0  . 1020  .0020  .0050  I 

P50-51  .0152  . 0042  . 1109  . 1000  .00)0  .00)0 

P50  - 52  . 0149  . 00  ) 9 . 1101  . 09f>t  .0050  .0050 

P50-5)  . 0149  .00)9  . 1121  .0958  .0040  .0050 

P50-54  .0150  .00)0  . 1040  .0905  .00)0  .00)0 

P50-55  .0149  .00)9  .1098  .0945  .0025  .0040 

P50-54  .0144  .0040  .1128  .0954  .0040  .0050 

P50-57  .0147  .00))  . 11  15  .094)  .0020  .0010 

P50-58  . 0150  .00))  . 11)1  .09)1  .0020  .0040 

P50-59  .0150  .00)1  .1099  .09)0  .0040  .0020 

AVERAGE  .0149  . 00)7  .1109  . 0955  . 00)4  . 00)7 

STD.  DEV.  1.0002  i.S004  t.002l  1.00)4  | 1.0014  | ..0014 

NOTES. 

1.  Lower  datum  it  .484  inch  Above  the  beat;  ipper  datum  ).  200  inchea  above  baae. 

2.  The  indicated  measurement  at  each  datum  ia  the  total  Indicator  runout  ot  the 
liner'a  outude  aurtacc  relative  to  the  rrgiate.  diameter.  The  difference 
between  the  runout  at  the  two  datum  plarwa  ia  an  indication  of  the  lacW  of 
perpendicularity  of  the  reftaler  plane  and  'the  liner  avia. 


Table  JV 
Penetration  feta 
for  0*0393  item  I,  45f  Vo.  I Linort 


II.  TS 

12.44 

12.34 

A*g. 

TTTTT' 

20. 14 

12.  >4 

14.44 

12.23 
12.34 
II.  M 

AM- 

rm 

•»th  C**C  M4  HW9  |»  (himftrl  too  o oitk  ctpi. 
P'0-43  2.42  iM  I 

P'O-f*  2.41  j 

2.44 

P'0-44  2.44 

P'OM  2.42 


A«**«9t4U4  <■  Ith  D*t  )-4  4a*atl*«.  plttf*  IMt 
•’f*f  PA®  «v  44  -4«<h  kid  to*  • 0*0  114  «ta-»  tn«M»4 
at  r«n*a  *n4  PM  .49  U*  44  »ht(h  had  to*  • 0*C  114  H*  tU 
l .-44*4  *1  *»*••«»  Af5«rul.  PAT  Lot  Mo.  II,  -IlhCtoOfet' 

lluUkm  Lea  Mi4. 

All  ■ ■■4«da  lire*  a*  tn<  0(4n*8tt  A itetouil  u 

*.W  mrtoa  •••  a. *4. 
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t.*l  No.  20.  *t»  < oa*v.  B od  HnlllM  Lm  1-124. 
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Tabic  V 
Inspection  Data 
for  OMMt3  h»m  2 Unmrs 

j ( Avp.  Flutt  Depth  (in  ) 4*g  Woll  Thiefcnet*  jin) 

Un«r  No  I Lower®  llpp«r  Lower  T Upper 

[ Datum  Datum  Datum  Daiuni 

DRD393^t«jr,  1 .0123  _ _ .00  43  _ _ ._I02*_  .0998  CO  10  _ _ ._00_30 j 

" ”1*90-81  T.0I1I  .0091  .1088  ~ ".*09  39  * .0020  .0040  " 

P30-82  .0130  .0090  .1049  .0933  .0080  .0190 

P90  - 83  . 0 129  . 00  9 0 . 1048  .0963  . 0030  .0090 

P90-84  .0129  .0047  .1039  ,0990  .0030  .0030 

P90-89  .0127  .0048  .1039  .0949  .0030  .0040 

P9Q-86  . 0129  . 004  9 .1090  . 0948  . 0020  . 0030 

P90-87  .0129  .0090  .1090  .0993  .0020  .0040 

P‘0  - 88  . 0 1 27  . 00  4 7 . 108  9 . 09  44  . 00  5 0 . 00  3 0 

PSO-89  .0129  .0048  . 1099  .0999  .0030  .0020 

P90-90  .0129  .0047  .1083  .0980  .0080  .0130 

PSO-91  .0128  .004°  . 1089  .0949  . 0030  .0030 

P 90-92  .012"  .0049  .1099  .0930  .0020  .0030 

P30-9J  .0127  .0047  . 1038  .0948  .0030  .0090 

P9C-94  .01211  .0049  . 1099  .0948  .0039  .0040 

P‘0-99  .0129  .0048  . 1043  .0940  .0040  . 0080 

P90-98  .0127  . 0048  . 1030  I .092  8 . 0040  . 0080 

P90-97  .0128  . 0090  . 1093  .0993  .0049  .0080 

P40-98  .0130  . 0090  .1099  .0940  .0040  .0090 

1*90-99  .0129  I . 00  4 9 . 1019  . 0 9 3 9 . 00  30  . 00  2 0 

P90-100  .0130  . 0049  . 1044  . 09  39  . 0030  . 0030 

P90-I0I  .0129  . 0090  . 1043  . 094  3 . 0020  .0070 

P90-102  . C I 30  ---  . 1099  .0929  .0030  .0030 

P90-103  .0128  . 0043  .1084  .0983  .0020  .0090 

P90-I04  .0130  .0030  . 1049  .0918  . 0020  . 0030 

P90-  109  .0130  .0090  . 1093  .09  39  .0030  .<  ,0 

P90-I08  . 0128  . 0090  .1049  . 094  9 . 0070  . 0100 

P90-I07  .0128  .0090  . 1023  .0929  .0030  .0040 

P90-I08  .0127  .0090  . 1043  . 0943  .0020  .0080 

P90 - 1 0°  .0128  . 0049  .1090  . 0933  .0080  .0090 

P90-I  10  . 0129  . 0030  . 1049  . 0938  . 0040  . 0080 

P30-I1I  .0129  . 0090  .1074  . 0993  .'W30  .0030 

P30-II2  .0128  .0090  .1083  .0933  .0040  .0029 

P30-I13  . 0130  . 0049  .1043  . 0940  . 0020  . 0020 

P30-I14  . 0127  . 0090  .1048  . 09  4 3 . 0030  . 0090 

P30-II3  . 0129  . 0090  .1088  . 0993  . 0090  . 0090 

P30-I16  . 0128  . 0049  .1091  .0933  .8020  .0030 

P90-II7  . 0129  . 0091  .1040  . 0940  . 0020  . 0030 

PS0-I18  .0129  .0090  .1048  .0940  . 0020  . 0040 

P30-II9  .0130  . 0090  . 1043  .0923  .0020  .0130 

P90-120  .0128  . 0090  . 1030  .0990  .0030  .0090 

PS0-12I  . 0129  . 0090  .1091  .0993  .0030  .0040 

P30-122  . 0130  . 0090  . 1038  . 0928  . 0020  . 0040 

P30-I23  .0129  . 0090  . 1040  .0930  .0070  . 0020 

P30-124  .0128  .0049  . 1099  .0983  .0030  .0020 

P50-129  .0129  .C09O  . 1093  .0943  .0020  .0039 

P30-I28  .0129  .0030  .1081  .0993  .0020  .0019 

P30-127  .0128  .0049  .1081  .0949  .0030  .0070 

P30-128  . 0128  . 0090  . 1089  . 0948  . 0020  . 0090 

P30-129  .0130  .0090  ,i030  . 0933  . 0030  . 0040 

P30-I3J  .0129  .0090  .1048  .0933  .0020  .0080 

P30-13I  .0128  . 0030  .1039  . 0923  . 0020  . 0020 

AVERAGE  .0123  .0049  .1049  .0942  .0032  .0047 

STD.  DEV,  t.  J001  3.000  1 j,  PC  I I t.0012  1.0014  3,0027 

Notefc: 

1.  Lower  datum  is  . -ii-i  ir»ch  above  the  bate;  upper  datum  3.200  iachc*  above  bate 

2.  The  indicated  meaturement  at  each  datum  it  the  total  indicated  runout  of  the 
liner'?  outtide  turface  relative  to  the  refitter  diameter.  The  difference 
between  the  runout  al  the  two  datum  planet  it  an  indication  of  the  lack  of  per- 
pendicui trity  of  the  refitter  plane  and  the  liner  axit. 


Concentricity  (in  )c 
To«7  Upper 

Co?*.***  Oofum 


.0998  | • CO 30 


I 8 


•_P°2° 

. 0040 
.0IS0 
. 0050 
. 0030 
.0040 
.0030 
. 0040 
. 0030 
.0020 
.0130 
. 0030 
.00  30 
. 00S0 
.0040 
. 0060 
. 0060 
.0060 
.0050 
. 0020 
.00  30 
. 0070 
. 00  30 
. 0050 
. 0030 

. 01  00 
.0040 
. 0060 
.0050 
. 0060 
.0030 
. 0025 
.0020 
.0050 
.0050 
.00^0 
.0030 
.0040 
.0130 
.0050 
.0040 
.0040 
. 0020 
.0020 
..  0035 
.0015 
.0070 
.0050 
.004  0 
.0060 
.0020 
.0047 
i. 0027 
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P50-90 
P50-9I 
P50-92 
P50-9  7 


P50-106 
P50-I07 
P50-I08 
P50-109 
F50-1  10 


Controls 

FS856 


Table  VI 
Penetration  Data 
tor  DKD393  It* m 2 linym 


Round  No  ! Lbs.CompB  | Rev/Sec 


P50-94 

P50-95 

P50-96 


Penetrotion 
* rnches  MS.) 


11.69 
9.75 
12.75 
Avg.  7 i . 40 


18.50 
16.75 
14.00 
16.81 
Avg.  1 6.  52 


19.50 
20.  3 1 
19.  75 
20.69 
18.56 

Avg.  vm~ 


19.  18 
19.25 
19.56 

20.  12 
19.56 


Avg.  19.55 


15.88 
17.06 
16.25 
Avg.  16.40 


18.56 
19.69 
18.  12 
18.  12 
18,06 
\vg.  T8T5T 


21.00 
18.94 
22.  18 
19.  38 
19.  38 
Avg.  20. 18 


Notes: 

1.  Cones  assembled  in  DRC376  test  bodies,  base  plugs  and  either  DRC376 
nose  rings  or  DRC314  HW  1 1 tees. 

2.  All  rounds  were  fired  at  a sUrdoff  of  7.  5 inches. 

3.  Rounds  loaded  at  Ravenna  Arsenal.  BAT  Lot  No,  22  with  Composition 
B,  Holston  Lot  3-126. 

4.  FS856  to  860  are  control  rounds  containing  DRB398  cones. 


P50-37 

2.56 

P50-88 

2.60 

P50-89 

2.  60 

P50-98 

2.60 

P50-99 

2.62 

P50-84 

2.50 

P50-85 

2.60 

P50-86 

2.  58 

P50-100 

2.62 

P50-101 

2.66 

P50-8; 

2.  58 

P50-82 

2.  58 

P50-83 

2.  58 

Mox.Spreod 
( in.) 

Std  Dev 
( in.) 

3.00 

* 1. 52 

4.50 

±1.86 

2.  1 3 

±0.82 

0.94 

±0.  37 

1.18 

±0.60 

1.63 

±0.69 

3.24 

±1. 37 
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Tabl«  VII 

Summary  of  Sarratad  Linar  Performance 

DM2  Tjrp*  Com  (Sm  f'g.  3.) 


DM]  tpp.  com.  mo cftiicwd  from  copper  W.  Mvilipo  of  Buie  crocti  for  oofemollp  fotof  corot  ifooficol  with  orforrcol  ttcfico  of  DM] 
cool,  woo'  do  4 to  mo  tor  veriwd  OC  topoirod  for  d«ired  well  thick**#**.  Eocopt  where  wo.'ed  well  thick**#**  it  ewefitUllp  cwmtont  over  entire 
cone.  Flute  dopHi  verieo  I moo  r 1 r from  indicted  depth  to  sore  et  the  theoroticel  APEX  of  the  cone  9# not  oloti  bp  the  flute  crotto.  Jtediu* 
to  outorde  Curio  Co  et  detem  for  depth  end  thickno**  d *5110  tnrhec. 


Drawing  No. 

DRD263 
DRD  I 7 -fc 
DRD32-3 
DRDJ4-3 
DRD33-3 
DRD3S-3 
DRD161  -1 
DRD  1 62  - 2 
DRD63-I 
DRD63-3  , 

DRD2S4  No. 


DRD213-! 

DRD223 

DRD1  17-3* 


Number  of 
Flute*1® 


Wall  Thickn*** 
tin.) 


Flute  Oepth 
tin.) 


.02  7n(j-*>  rS 

.0281  (Ext) 

.0338  (Int)  -BS 

. 0267  (Ext) 

.0274  *6S 

.0276  -20 


Remark* 

Ext.  FI  Jtes  Only 


18.2  I Matching  Flutes 
I Index  Angles  1°  8' 

14.8  ••  ••  =4°  26’ 

IS. 6 Ext.  Flutes  Only; 

17.8  Int. 

IS.  4 Ext.SpiralFlut.es 


Penetration  of  optimum  wall  smooth  cone  of  DRB2  design  at  zero  rev/sec  is  15.0  in.  of  mild  steel. 
Notes: 

1.  F refers  to  chord  flutes,  machined 
FP  *'  " " " . pressed 

C " " " '*  , machined 

CP " , pressed 

Z . A positive  value  for'ti  means  that  the  cone,  viewed  from  the  apex,  must  be  rotated  in  a clockwise 
direction  at  the  indicated  frequency  (rev  sec)  ir  »rder  to  exhibit  maximum  penetration. 

3.  Root  of  flute  parallel  to  inside  cone  surface. 

o 

4.  This  lot  of  cones  differs  from  DRD17-6  in  that  the  flutes  spiral  through  1C  , clockwise,  from  ape* 

to  base. 
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Table  VIII 

Summary  of  Serrated  Liner  Performance 

011398  Type  Con*  (S**  Tip.  4.) 


DM391  type  cone,  *11  but  one  lot  of  copper  conn  wore  mede  by  prettmq  flute*  into  drewn  blinit.  The  copper  cone*  of  DRD272  No.  I 
were  mecbmed  completely,  includ'nq  Twte*  end  tKe  DRD267  • tuminum  cone*  were  mecKined  elvo.  ju*  the  flute*  were  pre**ed.  Except 
where  not^d  well  thickne**  i»  e**entie1iy  con*t*»*t.  Flute  depth  viritt  itneerly  ‘rom  indiceted  depth  to  lero  el  the  theoreticel  <»pe»  of  the 
cimw  ^enereted  by  *he  flute  cre*t».  Red>u*  to  out*>de  iurfece  et  detu/n  for  depth  end  thicknet*  it  indiceted. 

~ 7 7 777  IWall  ThtcK*  Flute  Radius  to  7 I o#markI 

Drawing  No.  No.  Flute*  nfls  (,n  • Dept^  jj„)  FluteCrest(in)  'f* 


No.  Flute* 


ORD272  No.  1 
DRDJ9  3 item  I 
DRD393  item  2 
DRD267 
DRD2o7 


Remark* 

Ext.  Flutes  Only 


36  FP 
4 5PP 
60FP 
60FP 
60FP 
100FP 


Int.  Flutes 


">RD318  itrm  1 36FP  .0900  . 01  12  1.583  0 20.0  Int.  Flutes! 

DRD3 19  item  1 I 4SFP  . 1021  . 0113  1.583  -3  2 1.1 

DRD320  item  ! 60FP  . 1030  . 0)03  1.583  - 3 19.6 

DRD320  item  2 oOFP  .1088  . 0211  1.578  -15  18.0 

DRD320  Stem  3 60FP  . 1 1 14  . 0 381  1.567  * 3 2H.0 

DRP32  I item  1 100FP  . 102  3 ■ 0008 1 ■ 58  ) -5  20.  2 

Penetration  of  optimum  stall  smooth  cone  of  L7RD308  design  at  xero  rev  sec  is  2.J.  8 . n.  i>f  mild  su , 
Note  s : 

1.  F relers  to  chord  flutes,  machined 

FP  " . pressed 

C " " " **  , machined 

CP ",  pressed 

2.  A positive  value  inr  X means  that  the  cone,  viewed  from  the  apex,  must  be  rotated  in  a 
clockwise  direction  at  the  indie  ited  frequency  (rev  sec)  in  order  to  exhibit  maximum  penetrali 

3.  Root  of  flute  parallel  to  inside  cone  surface. 


Table  IX 

Summary  of  Calculations 

Correlation  Factor  f(N) 


t*  • «■«) 


! * Flute*  sre  pee»*ed  into  smooth  rowt, 

d - Kltui  flute  depth,  inches 

t minimum  well  Unchrtess  Across  flute  profile,  inches 

K i saius  of  tent  to  crest  of  llute,  inc'te* 

■* 

d,  i,  R srr  sit  mttiurrrt  st  the  ssmr  datum  plsn* 

[ f*  ‘'ptimum  rotsiionsi  frequency.  re*  't»ec. 

13 

SECRET 


- a**** 


T<tbl«  X 

T1iW73  Mod^ctrHon 


■•a&aR^ 


VXi 


,,  « « I.  LJ  . . x V / ■ 

l — 


Drawing  Mo 


Band,  Rotating  DRB360 

Body  DRC3H 

Cap.  Tee  DRA695 

Cone  DR133  T.te-.il 

Bushing,  Tee  Cap  PRA69£> 

Element.  Nose  DRA49fe 

&T222E3) 

Pad.  shock  DRA461 

Plug,  Base  (A)  DRA28B 

Plug.  Base  (B)  DRB410 

Ring.  "-O"  DRA4S9 

Sleeve,  Grommet  DRA492 

Strip.  Pin  DRA4S4 

Tape  DRA627 

Tee  DRC314 

Washer  DRA721 

"Wire,  Fuae  DRA628 

Assembly 

Element,  Base  I DRAS79 

lor  faze  • 

Charge,  H. E.  

Total  Project  Weight  (calculated) 


Motemo 


Weight  (lbs) 


Gilding  metal,  annealed 
Steel  WD1045 
Steel  WD1030 
C oppe ~ QQ-C  -576 
Ruboe.r 


Felt  MIL-F -10954 
Aluminum  24S-T4 
Aluminum  24S-T4 
Rubber 

Nylon  FM  3003 
Phenolic  laminate 
Viscose  Rayon 
Steel  WD  1030 
Felt 

Ber /Ilium  Copper  #24 


Comp  B.  Grade  I,  JAN-C-401 


C.  G.:  1.29  calibers  from  base  (5.31  inches) 
Axial  moment  of  inertia:  43.0  lb-in*  (nominal) 


Transverse  moment  ot  inertia:  204.0  lb-'.n*  (nominal) 


TabU  XI 

lynamic  banatration  Data 

Aktrl—m  Prwlng  Qr»vn4  12- 
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7.  Penetration  Venus  Spin  Rate. 
D*D)9)  Item  I lin«ri. 


■■Ill  .^SUSSii 

BSF^3HBnfl 
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Correlates*  Factor  Versus  Number  of  Flutes. 


• '"I 

Jj 

1 

jN 
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i * 
% 
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Number 

of 

Copies 


NU  MUIRS 


SECRET 

DISTRIBUTION 


INSTALLATION 

Otflco,  Chief  of  O.  :lt  one# 

ORDTS 

ORDTA 

ORDTQ 

ORDTR 

ORDTB 

ORDGU-SI: 

ORDTU 


9- IS  incl. 
19-20 


Arsenals 

Frankford 

Picatlnny 

Aberdeen  Craving  5r  >und 

Ball:' tics  Research  Labor  itcuv 
Development  and  Proof  / . ices 

Contractori 

Carnegie  Institute  of  Technology 

U.  S.  Navy 

Bureau  ot  Navy  Ordnance 
Naval  Ordnance  Laboratory, 
White  Oak 

Naval  Ordnance  Test  Station, 
Inyokern 

Naval  Proving  Ground,  Dahlgrco 
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